Objectives. To determine the impact of a pregraduation diabetes certificate program on PharmD students' knowledge and skills. Methods. A comprehensive elective in diabetes was created and implemented in the third-professional year of the PharmD curriculum. A nonrandomized, single-blinded, controlled, 2-year study was conducted to determine the impact of the elective. Written and oral examinations were administered to the participants and students in a control group. Results. The certificate students' (N 5 25) and control students' (N 5 12) average oral examination grades were 88.5% 6 13.4% and 89.5% 6 15.8%, respectively (p 5 0.58). The certificate students' average grade on the counseling section of the oral examination was 9% higher than that of the students in the control group ( p 5 0.01). The certificate students' and control students' grades on the written examination were 80.9 6 11.1% and 61.1 6 17.4% ( p 5 0.0062), respectively. Conclusions. A diabetes certificate program improved students' knowledge of diabetes disease state management and patient education skills compared to students who did not take the elective.
INTRODUCTION
The burden of diabetes and its complication on the US population is enormous. The Center for Disease Control and Prevention projects that the incidence of diabetes in the United States will increase from 13 million in 2002 to 29 million by 2050. 1 The complications of diabetes can be reduced by maintaining euglycemia. 2, 3 Currently, only 38.5% of patients with diabetes achieve glycemic control. 4 Pharmacists' capacity to improve the glycemic control of patients in a variety of settings has been well documented. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Certificate programs are a common way to train pharmacists in diabetes education. [19] [20] [21] [22] [23] Plake et al found that completing a postgraduate diabetes certificate program for pharmacists increased the extent of/ quality of pharmaceutical care the pharmacists provided, number of patient interactions they conducted, and the amount they were reimbursed for services. 22 Another study showed that completing a diabetes certificate program improved pharmacists' performance test grades and their confidence in providing diabetes care services. 21 Two studies showed that completing a diabetes certificate program improved pharmacists' grades on an oral examination using standardized patients. 19, 23 Only one study that assessed a diabetes certificate program used a control group of pharmacists for comparison. 24 Pharmacists who completed the intensive pharmaceutical care training program gained significant knowledge and problem-solving ability compared to the control group.
Certificate or concentration training for pharmacy students in diabetes care and immunization administration has been described. [25] [26] [27] The number of US pharmacy schools that have a certificate program incorporated into their curricula has not been reported. There is one report of the incorporation of the American Pharmacists Association's immunization certificate program into a pharmacy curriculum. 25 Students who completed the program received an average grade of 94% 6 5% on the posttest. There is little published information on the effectiveness of pregraduation diabetes certificate programs on student learning. In 2001, the University of Washington School of Pharmacy initiated its diabetes education program for third-professional year students. This program integrated lectures, problem-base cases, roleplay, assessment laboratories, web-based exercises, and a dispensing laboratory. The authors reported increased student knowledge, improved confidence, and positive program evaluations. 27 Johnson et al described a 3-credit hour advanced diabetes care elective course that was part of a 24-credit hour diabetes concentration. 26 The requirements of this concentration included 10-credit hours of the following pharmacy electives: the advanced diabetes care elective, a nutrition support elective, a course on the psychosocial aspects of chronic illness, and a course entitled Integrated Diabetes Cases. Eight-credit hours of experiential courses that focused on diabetes care were also required, as well as 6 credit hours of electives outside the pharmacy program. The Advanced Diabetes Care course was designed to increase student knowledge of medical and psychosocial issues in diabetes, pharmacotherapy of diabetes, diabetes medical nutrition management, marketing diabetes care services, and diabetes patient education. Preintervention and postintervention survey instruments indicated that this course increased students' skills and knowledge.
The objective of this study was to determine whether completing a diabetes certificate program would affect students' performance on written and oral diabetes examinations. After completion of the course students should be able to:
(1) Assist patients in the management of diet, exercise, glucose monitoring, and medication and insulin administration; (2) Describe the requirements for implementing pharmaceutical care for patients with diabetes in a community pharmacy setting; (3) Describe and address psychosocial issues that may affect diabetes care; (4) Identify and describe important issues in the diabetes management in geriatric, pediatric, and pregnant patients; and (5) Describe ongoing research in diabetes and new diabetic drugs and technology. The curriculum at Mercer University College of Pharmacy and Health Sciences is a 4-year professional modular block program. The first-professional year is primarily basic science courses. Students started 3-to 4-week disease state modules in the fall semester of their second-professional year. All students in the pharmacy program received 18 lecture hours on the pathophysiology, pharmacology, medicinal chemistry, pharmacotherapy, complications, and medical nutrition management of diabetes in the endocrine module during the fall semester of the third-professional year. In addition, all students completed a 3-hour laboratory on glucose monitors and a 2-hour laboratory on insulin administration and foot care. 28 The 2-credit hour elective course met 2 hours a week in a 16-week semester (Appendix 1).
METHODS
The requirements for a Diabetes Care Certificate included completion of 3 components: (1) a 32-hour didactic elective in diabetes care in the third-professional year (Appendix 1) (2) an advanced pharmacy practice experience (APPE) at a site that focused on diabetes care; and (3) a written examination and an oral examination with a minimum combined grade of 75%. The written and oral examinations were administered to all students after they completed their advance practice experiences in the fourth-professional year. Not all students who took the diabetes didactic elective completed the certificate program.
The elective was offered for the first time in spring 2004 and the final group was tested in spring 2006. The course had 1 primary coordinator who was a PharmD and a certified diabetes educator. Guest lecturers included a pediatric pharmacist, 2 community pharmacists, a longterm care pharmacist, and a registered dietitian. The course assignments included interviewing a patient with diabetes, taking 4 unannounced quizzes based on reading assignments, completing a personal diet analysis, and participating in a mock patient role-play assignment. During the last 2 weeks of the course, students were assigned to role-play either a patient or a pharmacist. Each mock ''patient'' was assigned his/her own mock ''pharmacist'' for a week. Case patients presented a new scenario to the case pharmacist every other day for a week. After 1 week, each pair of students was assigned a new patient and the students switched roles. When acting as the case patient, the student had to check blood glucose, mimic insulin injections with normal saline, and administer candy to simulate medication as described in their case. Case pharmacists were required to write their recommendations for treating/addressing patient problems. The purpose of this assignment was to improve student empathy, increase knowledge of diabetes self-care activities, and review and apply course material.
There were 10 different APPE's that qualified students to receive a diabetes certificate upon completion. Five of the sites were community pharmacies and 5 were ambulatory care practices. The sites were chosen because the pharmacists at these sites had completed a diabetes certificate program or were certified in diabetes education or diabetes management. In addition, the practice sites chosen provided a significant amount of diabetes care.
The control group was recruited from the classes of 2005 and 2006 and given a $50 stipend for participating. Both certificate students and control students were given the examination after they completed all their requirements for graduation, including all their APPEs. Students who were in the diabetes elective but did not complete the certificate program were not eligible for inclusion in the study. Students who had diabetes were also excluded from participation. All subjects signed an informed consent form. The grader of the written examination was blinded to the students' name, and oral examination evaluators (N 5 5) did not know whether the student was a control or a certificate student. This study was approved by the Mercer University Institutional Review Board and all subjects signed an informed consent.
The oral examination was divided into 2 domain skill sets: skill demonstration and patient counseling. The examination was written by a panel of health care professionals, which included an ambulatory care PharmD who is a certified diabetes educator, 2 community practicebased PharmDs, and 1 registered dietitian. The examination content was based on information from the required curriculum, Diabetes Care Elective, and the clinical experience of the examination authors. The oral examination was structured according to suggestions made by Davis and Karunathilake 29 including: structuring the examination on clinical scenarios, asking all the candidates the same questions, and using a grading rubric. To maximize interrater reliability, examiners were trained and the test questions assessed objective skills. It was not possible to formally assess interrater reliability because 2 of the faculty members who were examiners resigned between the first and second year of the study.
The primary outcome measured was the difference between examination grades. A sample size of 26 subjects was needed to detect a 10% examination score difference with an 80% power and a two-sided level of significance of 5%, assuming a 9% standard deviation in examination scores. The assumption regarding standard deviation was based on the fact that in a previous study of the effect of a diabetes certificate program on pharmacists' examination performance the standard deviation of examination score was 8.33%. 19 Differences between baseline categorical variables were assess with either a Fisher's exact test or x 2 test. The relationships between examination performance and age, sex, race, and grade point average (GPA) were assessed through multiple linear regression and a Pearson correlation coefficient. were complaints regarding the large volume of required reading material. The demographic information for the 37 students who received certificates and the control students is listed in Table 2 . There were no significant differences in any of the baseline demographics. The certificate program had a significant impact on the combined grade for the oral and written examinations ( p 5 0.01) after adjustments for age, race, sex, and GPA (Figure 1) . Students who earned a certificate scored significantly higher in the counseling section of the oral examination ( p 5 0.01), but the results of the demonstration section of the oral examination were not statistically significantly different ( p 5 0.92) (Figure 2 ). After adjusting for age, race, sex, and GPA ( p 5 0.002) the certificate program ( p 5 0.0007) had a significant impact on the grades on the written section of the examination. However, age, race, and sex did not affect performance on any part of the examination. The course evaluation results are listed in Table 2 .
RESULTS

Between
DISCUSSION
This study demonstrates that participation in a diabetes certificate program enhanced the diabetes management knowledge and counseling skills of PharmD students. The students' combined mean examination score was 11.3% higher than that of students in the control group ( p , 0.05) (Figure 1 ). Although objective data were not collected, anecdotal reports from preceptors indicate that students who participated in the program had better diabetes management knowledge than students who did not participate. The superior examination scores of the certificate students are consistent with previous data from previous studies that showed that student knowledge and or skills improve after participation in a pregraduation certificate program. 26, 27 According to the course evaluations, the didactic elective was a positive learning experience. In the written comments, many students stated that the course was a positive learning experience. The primary complaint regarding the diabetes elective was the amount of outside reading required. This finding is consistent with the fact that the students' assessment of the required material received the lowest score of the 7 points evaluated. The average overall score was 3.9 on a 5-point scale, which is slightly higher than our institutional average of 3.77. These results are consistent with the reports found in the literature. The average evaluation score of the diabetes course in the Johnson et al report was 3.0 on a 4-point scale, and the Ogedard et al diabetes course evaluation scores ranged from 3.27 to 3.94 on a 5-point scale. 26, 27 The only variable that related to examination performance was GPA. This finding is consistent with the results of the other findings that demonstrated that GPA is a predictor for future examination performance. 30, 31 However, the mean GPA of students who participated in the course was higher than that of the students in the control group. The students who decided to pursue certificates may have been better students in general. The other diabetes certificate programs did not report participant GPA; therefore, it is not possible to determine whether our findings were consistent with other certificate programs.
There are several possible explanations for why there is no statistical difference between the 2 groups' performance on demonstration skills. Perhaps, the interrater reliability was low, but the objective nature of the oral test questions makes this unlikely. Another explanation is that the College's standard curriculum is sufficient for teaching skills and the control group was able to perform proficiently. Or perhaps our certificate program did not emphasize the skills of insulin teaching and glucose meter training as much as we thought it did. The fact that the average score on the demonstration section was about 76% for both groups suggests that more emphasis on these skills during the students' education may be necessary.
Including more subjects would also improve the quality of this project. There were sufficient numbers of subjects included to detect at least a 10% difference in examination grades. The only examination grades that were not statistically different were the overall oral grade and the grade on the demonstration section of the oral examination. There was a 1% difference between the 2 groups in the overall oral grade, and the examination grades for the demonstration section were equivalent. It is unlikely that a 1% difference in grades on this examination would indicate a significant difference in students' true performance ability. It is unlikely that a type II error was made; therefore, including more subjects probably would not have changed the results. 
Limitations
Although there was a control group and examiners were blinded, there were several limitations to this study. This study was not randomized, which could have meant there were different levels of interest in or aptitude for the subject of diabetes. It is not possible to know whether the subjects in the control group were motivated to perform their personal best. Control students were not rewarded for examination performance, but certificate students knew they had to score a minimum of 75% in order to receive their certificate.
Randomization of all students who were interested in pursing a diabetes program would have eliminated these problems; however, it was not practical. In order for this study to have been randomized, subjects would have had to have been placed in a certificate group or a control group during their third-professional year of pharmacy school. This would have required that some students complete a diabetes certificate program even if they had not wanted to, while possibly excluding other students who wanted to pursue a certificate. These restrictions may have also made recruitment difficult because students may not have wanted to agree to such limitations. Also, it may have been unethical for faculty members to request or recruit students to participate in a study with such restrictions. Faculty members have to consider these types of ethical dilemmas when conducting pedagogical research. 32 In a study of this nature, there is always the possibility that others may question the validity and reliability of the examination. The examination used in this study was compiled with a registered dietitian and several pharmacists from different practice settings, one of whom is a certified diabetes educator. However, using a validated examination would have improved the legitimacy of the results. In addition, the use of oral examinations has been criticized. 33, 34 The major concerns are the examination format and low interrater reliability of the examiners. There is a large margin of error in oral examinations when an examiner makes up their own questions, board topics are tested, and/or a grading rubric is not used. 33, 34 In this type of oral examination format the examination questions may differ between students, each student's responses can be vastly different, and the examiners interpretation of the answers may vary. These problems can result in inaccurate assessment of student abilities. 35, 36 To avoid these problems, the questions in this study's oral examination were structured on specific clinical scenarios and a grading rubric was used. The strengths of oral examinations are that they allow the examiner to assess the student's ability to verbally communicate their knowledge, or demonstrate tasks or patient counseling skills. Despite their limitations, an oral examination based on clinical scenarios seemed the most practical way for determining a student's proficiency in counseling and patient care skills.
This study only examined the student's knowledge of diabetes and education skills. Therefore, the results do not predict the amount or quality of services the students will provide once they become pharmacists. However, it is reasonable to assume that pharmacists can not provide Additional research is needed to determine whether diabetes certificate programs are feasible in other colleges and schools of pharmacy. Other diabetes programs may also be structured differently and their effectiveness should also be documented. This project only examined the effect on students' test scores. It is important to determine whether students who earn a diabetes certificate use the skills they learned once they are practicing pharmacists. The services certificate holders provide probably will depend on the additional training the provider received (eg, a residency), the provider's work setting (ie, independent, chain, hospital, or ambulatory care), and whether they are reimbursed for these services. The question of how this program and these examination scores affect patient outcomes like glycemic control, quality of life, and rate of complications should also be researched.
CONCLUSION
Certificate programs in diabetes care completed before graduation are feasible and improve general knowledge in diabetes disease state management. Although the program did not enhance students' performance in insulin administration or use of a glucose meter, it did improve their diabetes knowledge and ability to counsel patients on diet, foot care, and uncontrolled blood glucose.
